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LOADS AND BEAMS 


Figure (1) shows a typical floor plan of a six-storey administration building . 


The columns are located as given in the figure. 


Data :. 
e Concrete characteristic strength = 25 N/mm? 
° Steel yield stress = 360 N / mm? 
* Live load intensity for rooms, balconies -3KN/m 
e Live load intensity for corridor =4 KN /m° 
• Density of brick walls (including plaster) = 15 КМ /m' 
e Exterior wall thickness = 250 mm 
° Interior wall thickness = 120 mm 


е No cross beams are allowed through the corridor 
° Beams are allowed on dotted lines shown in plan 


( Fig 1) 


A- For the shown plan; it is required to : 

1- Draw a structural plan showing the system of main and secondary beams. 

2- Sketch the load distribution on the proposed structural plan . 

3- Calculate the equivalent loads for the bending moments and for shearing 
forces acting on beams : 
a) ВІ оп axis (6). Between axes (В,С ). 
b) 2ط‎ оп axis (2). Between axes ( A,C ). 
c) B3 on axis (C). Between axes ( 1,8 ). 
d) B4on axis (1). Between axes ( A,F ). 
e) В5 оп axis (3). Between axes ( D,G ). 


B- For the beams ВІ through В5 it is required to : 
1- Draw the absolute bending moment diagrams. 
2- Draw the shearing force diagrams. 
3- Design the critical sections. 
4- Check shear stresses and calculate the required shear reinforcement. If any. 
5- Draw the beams to a convenient scale showing all concrete dimensions and 


reinforcement details in elevation and cross sections. 
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B. Mekol of Transporation‏ 4 
ak molerials y weather |‏ مس سا -4 of lompaction‏ ام -3 
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de Type of mixers 
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2. р (Тейт Shu) (0.05—0-le) ba. 
3- Max. Shein qu > ژموه‎ 4 < cB 
- Sen ه‎ ele que =z Jomi Medidas د‎ E = povol fen | 
5. brile mahal with н Жу ЖИ” 
) Concrete cracks under bens + Crushes under competion 


F- биб of Corée ts L to Жей» 7 aris? free 
8- Cracks ma, “el die to sot 4 وښو‎ 2 wet ол. 


4. سب ت‎ У 1 ст e ف‎ ж cn en Ope 


۵۰ Discuss Me reasons for tre ot Reinforcement speel /7 Cone. 


|- ۳" Кси Pre to ave. | ۴ fo [4 
Since Conc. IS a brille „ль 4 Cemel ہیں‎ Tunes. 


2.15 [ak tensile huse de ty بأد‎ ٤.٢ سس‎ 


8. Те didnt che of а 


| De Mat are fe 


Ja نے پ2‎ craks: 7 226 жені 
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مگ‎ Shear Pernil Cru k : dae Lo - тот? بسع‎ 2 ar 
” Фа | : om € دا‎ оу Ainge Or 7 j 
7 Қас cu : randa 3 d А dy Sh hey plet “фе 
5. Rus of bond i F reinforcement bar. 


Q ohh, is if decided to ше spel dip in QC. , not ۷ 
oker ¿hb 77 


1 - since expansion Coeficient of اسا‎ 
(6.- Ix lo TE ہے‎ =t 2e 1o 9 ) 5o Shel زر‎ used Fr ibs | 
with Степе, so № skd bad ¿f prevent Sp of! ور‎ Е, 
\ mat twit bay. соно t Sel burr کے‎ ай ee Mm 
(er eb „А УА 2 VÚ) 4 


da Bond ( Lhteraclion beten bar ф Пету 


Бесәй loncrele) provers B ok the bz; 


Ме в Me Gee. 


3- Fal Corertle ліжа pe 072 песка ИИ, 


of the cortrele tm Ре йт سی‎ ber corregir. 


| $. Sk he main or me af жы» Жану; (Ж о feor), 


| Shrouns are ес ¥ linear. 
2-5ІМие oC 7 
$-N3 baf slp Cie, риф امسا‎ bef мо 4 Stet.) 
д -Onnek in knim کر‎ ignore: 
و‎ Band on equilbrim of Forces Suck Had: 
ЖУ 5 ‚ Á ab eloke mode shew. 
fe = (в. 5$ 0.6) Py € L£ dut shel Mus. 
٤- Chus, (ehm are biad en Servie ¿2 ) Phe 


fe y Ad pe (74‏ ےت 


„+ ПИ. ۰ дет jut in uliak 7 
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rt. Rr 1 


prp ap. Ke mp عبرم‎ / 72272” 
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H.C. Jim 22 ж 


тете” sa 


| - Dimensions of f Lion ا سح‎ dim m: 


oa tC 4 o.‏ یوب 
J- Grae of Gne. (hu) : > 2 = = ٩‏ 
е wil‏ 4 £ ےھ : -Gad of hel (fy)‏ بر 


5- шан of > г skel ) i; Os هه‎ pol де) 
My < 1 2 M, e b ر‎ ns о< A. 
و‎ е - J My “А, ^7, ex Аг 


$0 i К.б. С. vag d y 7 Z; Мт 5 
4 7 /أ‎ 2 тае سی‎ 


efor а Re. sec. пб fo u абий: жыны т 
discas the effec of ботай Feu, fy, b m te dem 
af sehon. 

k + 41 
ht 41,41 


bj 


8 41 - 1 р 171 : - у 1 
a Derive wi tisk fZincjpre سر‎ A. A : Fa SY 5 


. Бе < سلطا‎ Settion:- 


( Se.) = E wm т —— 
4 бш + Ey (=s + Es 6) 


s T d » - P 2 ses 
8 5 2 | key / om E 6; 1.15 °° (3) = nM يه‎ 


# tom ер от of Жұбан” Фесфет- 


2 3 0.47 А TI (0.9€) s 0,536 (&) „Ва 41 em) © 


W = % 22 т (Abd) Ё e» (2 


vo a 74, 


y^ = 0.534 la El 6088 


ab 0.636 (la). bG Abed & £ бова + (fy) | 


C ғ Да еді (=). (3) 
Js өй (48). لح يگ‎ A 
A He f (ush) 
(4/3) = F CA) 
И s P (44) 
7 “ma о Failure 


- та > % A, 


Y (“Ja ¥ £ (4), 


de) | ы r0 CIE «Фа 
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қ p = 2:41] 7 ЛЕТ м ый dn 6720 1 /y 
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3. L3 Өле, [led : To стим hal te recta لس‎ 


af ره‎ а T I Section. 


+ Concept of min i 

оса of Jn i to pul аға +P Skel 
such thot ٨ men mantel of resiskence for the RC 
Section is qual to or greater Жан te rerishene of He 


suction as a plain (елене Sechan. 


elim, Коргон 7۰ 
(Ибо و روچ ہیر‎ of >, 


| „ Plein Concrele Section, š 
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(Plein Cmcrele ffc. 15 home wus, 42 Вер OCCUFS 


once ос у Rk).‏ وست 
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(2.47 AZ b. Bain = / ۱ (ИЕ) 
ورس ےی‎ ( 

hii Cada batb 
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) ен otros exis b). 


Ват (% /%) (d= гета.) 
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. LIETIMATE LIMIT STATE DESIGN METHOD . 
ня 


| P Introduction ° 


= Objectives of Structural Design. 


ЖЕ Safely : means safely against [ше (al members of structure 


must have- adequate streng to Sustain uchin Loads, 


| 2 Зегмсеа ч 01 ده‎ “ай lend ولا‎ purpose ајот tks 


span life without cracking 5 deflection ,... eke. 


3- Economy + 1° required to give the most economic design 


for Ме Structure te minimize cost of construction X maintainance , 


e Meaning of Limit State E 


Structure becomes unlit for use when از‎ peaches 


“Limit state” limit state includes صط‎ peo :- 


2 


LU 


Е Liltimate | бей: Shute ابو‎ zo El an АЗЫ تسس ةا صد اام‎ | 


„Means reaching Sudura) failure by collapse oF ۰ 


Sechon , o1 loss of structural elabllita . 
¿Whe we consider ultimede limit state we use Ultimate Load 


(раја JU p, за JUS) 
more Safe لٹا‎ ultimate sate Ара Ti فم‎ • 


2. Serviceability Limit State لتا فل"‎ (WIM) 
5 Includes t defor mations 3 есем 3 cracking T. 


Service (sor iva) ( Actual ) Јоле 


Seniat ani) lige Check ال‎ сор Ultimate الہ‎ Weck maal ук 


4 Struct ага Safety e 


AUR provides Actors of Safely fo the имей um fo ۴ 


За it il be заре under acina Leads 3 there art fo (оғы! 


| (D Load factor 


(ore oe Ulimte Lad رتم‎ gor) Factors g QUA نوب‎ 
-$ — e до, 
1. Variation of actual асі Loads Prom — i loads in نے‎ | 
1. Variation of distribution of loads from that أعدس نمو‎ in фри. 


ft. Internal forces ma differ from 6 cotleulated in desi ^. | 


Ultimate Leade will be used. 


lad )و1‎ Por >. = k E إن‎ Fiat DL ата» D.L 


Lead fucker fer L.L = 1.6 ~ Ujtimabe hee اک‎ 


e Workin Loads ( Service .سا‎ 


Бой | Бегисе содае 


.) التخغيل‎ eye یه‎ Ln le Lau Ps للغال‎ ١ التشضل‎ Sloe, 


Wi = Jb + 


Workin m Service [ыш 
м5) = Ish +h 2 


~ULTIMATE LOADS. 


L ји Design We use 


ULTIMATE LIMIT STATES DESIGN ۵۵ 
11,6... 
z“ зна جالاته (گدود‎ Др“ 
So, We need to gel: 
Liltimate Leads o ЕРЕ. Loads” 
«Joc Ultimate Loads :- 


a L5 (3 + Th) # % < 755, 


Му = "ҰЗ, + E n General (use 


y repeat for shat 
T es Vu, 2 ۱۰۸+ Ја, + ۱۰6 بو‎ Bener Сеге 
سس سس‎ 


@ Capacity ("неа (اومه‎ eduction Factor > 


“L. a) АА з\р سل‎ ere дй مادة : شتفی ابر‎ Ш>» Gado fle 


RR IN SW aos SUN дыд iere اتل سر ماد‎ (Е | 


J. Actual dimension may Жос from design dimensions. 


J. Reintorcemmml 7 may be nel in py poshon. 
| 2. Actual malerial ste رس سر‎ differ from that came бый 


| Z. Actual behaviar of structure may differ from expected. 


-? — al Saders JL ET — le ¿J ЕР ЕТ ДУ) 


% onc 2% #15 
In cane of Sections cubjected to 


доћи 2 % = 5 Bending 5 Shear > version 


• Question : - њ RX Ve 22? 


• Nominal (Actual) Stress. Sin Curve Por Concrete under empresa: 


Ares Ж = looo 7ر‎ ks om 


TM‏ ۹ مس سه 
Е = SES. Modulus о Нана‏ — 


TUN 


Strain € 


Ny‏ | م 2 c‏ نے 
in bending (Еме aF Padure)‏ 0.005 : رکا یی سرو 
Ecu‏ 


4 с.262 in Axial сотре! ви 


Бода stress at ۴ ( chavactaristic Strength) 


|. Tda 92 (eylen) Sten-Strain Curve. for concrete under ف سل‎ т 
( Design Carve) 


T" 20 Ладо 502 
٩ Zu LE 
P °. Z Ёс —— P 
NL Ss ыа 45 Fou 

۳ 4 | 
$ | 
am Je ке | 
parabola | 
| 
| 


Strun €‏ 
ده ې 62۰۵ 


aff feu " а= leads e allons! for shouf Loading › 5i/€ сва, a 
é G 


2, :ګنم‎ Éo relate elder درف‎ le cube ما ات‎ 


«Nominal ۸ه ے‎ 7 Curve for Reinforcement She . 


са‏ مه 


Н. 5 Z = = Н.4.5 
(3/52) , ac) 


mild skel + €, „0012 ] mild | 
(44 (89) 


| (2209) ЖЕ. Шарлы | 


£u wf 9t. 


Є.‏ مره 


|. АРАЙ Shu - Strain Car for EM. She] X (Destin Gur) 
JE لل ونا‎ 


“ Design Curve 


Beam Section Subjected te Pure Sen din le 


MA. 


Strain dislribulien 


EX of 7 oF Дели Sections Uain H.L: SSD) P; ç 


Lo Strain Distribution is line ( Plane Ге befre ej رہ په )ورم(‎ рате m 


2- USina Llealiçef مره‎ Sin Curve fet Concrete. 


a- Using کلم[‎ chress - Skreuin Carve for ؟‎ 


бир‏ أت به ) . All tensile she» 15 curried by ке]‏ - ہر 


0 ہے لقص pores‏ 


Shes 


Disbribou Ken 


s Equivalent St Block, 


الود سمع LJ‏ تتیے ال مؤي LS‏ < اا Fay. Stee Node i) дл.‏ مع 
DAD Го ago tcu 0‏ 

а) | |- f La,‏ مس 

%=2.8С ed 5-1 ماص‎ 

ecu اوک‎ 


- F uivalent Shess Black 


ent: уез fikri “Hen 


= امرب اکانوم о‏ الا د 


db T 


Width P Compression Jone does not decrease مه‎ ditunce from ۸ 


incredre. 


ЛАЛА ИР ДАРА‏ امل 251 أمال_ ؟؟؟؟ 
سوال : wb‏ انس مکار ل A‏ وز ملا ¿F‏ 88,37۹ 
بسذلك: a жен bu‏ شکان الد сел Vas Vb)‏ ار Мил дьыл Мур‏ 


« Modes of Plexurad Рие, ( Types of Sections оке). 


@ Tension failures Duchle йит = Шле еба 00 


ë Steel ell. Nes. 3 


No وال‎ + «руе Uo طساو‎ дл ем 42 МӨ» نمل لل‎ мАЯУ 


e - :‏ 2 ^ 
AW‏ کت تار اد ser > failure‏ ات له . 


@- = €cu 2 e. > هك‎ 


“4 صؤور:‎ р UA Nl سو از عنما‎ iif 
Deformations JC «Яс, ly سل الا‎ VI еее CA ЖА د ميري هذا‎ 
A cracks 


(¿ay ж NP VoU, 


| (2 Compression іше = Brittle dure = Cudden аке 


= сме Reinforces Section. 


( Conevete Paule Pret 


схе ال‎ del انےیمل اكد‎ JF (ғады, ) نهار‎ уада م‎ 


" و سرت‎ concrete А JE as (UD. qu = Nus 


[аы срба fens | 


Ec: Crus snas 


Е;< €s ç Es: ٢ 


Tatiel “Таке No Final 
failure “Time dure. 


. نبا‎ eS У عضایلن الشلم‎ ZI сав يتنك‎ s 


» ۳ . О 5 
сы» дом HUM + РУП عل هذا‎ - 


6 Balanced Section 


( Concrete X Steel Yields Simultaneously) | 


سے == و الى 4 زا P,‏ 


2.85 ш 


Ae کی‎ avy عنما‎ JU) q هو — هد‎ 


дай em 1522 ум ь |‏ یاج ARS.‏ وت 
2 1 — . 


„ Sections Subjected to Pure Bendin ( Flexure) + 


————————==———ы————-——— 


Es > Ey (under RB: с.) 
۰ Gection • • Strain 5 = 2۴اک‎ (Buivalent см Bleck 


| Notation ° 


cress section. 


b: breadth of 


t: tota! depth of Cross Section 


4: TWeoritica| depth of cross section from center of идол ٥ 
outside ef Compression Zone. d=t-5tm (cover) — for Beams 


Ма.: Neutral Axis (strain з ое) ef) SAN محور‎ 


+ lever arm of resisting Moment of Internal Forces. 


cress sectional arla с! tension Rein forcement. 


: Applies Ultimate Moment on cress Section. 


m 


My 55 s Moment Copacihs ( Мах —Ó сам ke resisted (Sustained) 


by the cross Section. 


Са: اا د‎ force en cencrete 


74: Ténsion force in skel bars. 
Gz distance Erom sA. Fo outside of — Zone 
وچ یت‎ rhe af Buiveelent Stress Block. 


А) : Arex of Compression skeel ) Doubly ВА ж.) 
Со: = а Force № ص‎ ion ЁРЕ ( Doubly РР. Фе.) 


4 ; Cover of Compression skel [ Doubly Red. Sec.) 
Ад: Dis bel? сат ( D «ua ФРА. sec.) 


٢ و‎ Characteristic Strenalh of concrete C atress af failure) 


N: eld stress. ol Steel ( Stress at Lower id 4 ) 


Бо: medlo of Elasticity oP nc. = асобы لها‎ 
Es 2 Modalue of Elasticity of steel E аже” Kg / om 


ru 7% Strain ۵۲ Conc. at failure = 0.003 im bonding 
в: stuin کہ‎ Àj شد له‎ 


^ : Skeel ratio of sec. = As / thd) 
Nimaa ! Triax. Steel ratio of Sec. fo ensure under RFd. Section 


Mmag د‎ table (4-0 ECCS Де | 


Дан 2 Minimum ые Ratio of Dec, 


Refer to Code 


Jimin = 


e Design of Ф.с. Sections Subjected to Фе Bening e 


E Using , irst P inciples ° 


0 Sings (NY E Rectan ular Section 


62 ۵/۶ 


а Section 7 rave e Fresse 
* Section is únder Static Бучі“ ium 
ja Ж Forces = 6.00 2. = Moment = 0.00 


ач ab = kiu Gib 


lus As /Ү, 


Та: Cu an ا‎ o A8 Reg. » ط.‎ 
$ 


@ Mu: Tu За = Cu Ack 


А My s об и a.b (4-%) 
©, 


c 


oy Му = Ashe <4.4/,) 
ч 


| «Са; of Troblems « 
Case 
و‎ vtm t b, d, А, fea , ty 


А Required: Mu, ( Moment oP resst)a Moment сарысу of хест 


+ Solutions 


| е Using First Principles 


E = A, fy /% Cu = 6.6] feu > a.b 
bt 
4 \ 
> Са = lu ده‎ 6.45 Ra. db = abr At; Set 
Nek = d- afa 


Ty Ја = Cu Yep 


& Ps کله‎ би اه‎ Ld — 6) 


Case (2) 


e Given 3 b fu, fy» My 


. Required : A; X d 


„ Solution o 


Бг te P15 


ST t t 


from 4. Eo A fy پ)/‎ = o AS ku . a. b (a, A,) unknoums 


from ора: Му = A ty کال‎ (d- а) (a,A,/) Linknoums 


2 equations and 3 unknowns, should assume one unknown 


ја Selution | 29 


па За я wanu debe Ча) set "a" 


| Ts Tu = Са 5 AL Asty = e4.5 м. a.b get A, 


١ لاله‎ J m 


(E.c.P Valle д—\ > Under ЕЮ. Sec. GD دږ ن القطاع‎ gil امام ؛‎ 


- P А < Fmax ok 


P > „Атах eo The SC. fs nol unde filed.‏ کل 


a Increase له‎ À then recheck 


, : 
. |The solution above is iterative so we resort to solution 2 better 


| 2. مه ناب‎ 2 одите JA... 


Jet ж 2 any number bef 2 ji min 4 Ж mea X ( F^. < Jam | 
As 
( Try “aspa Ío take Ж a 0.5 Anar) Ж 31 


(1۶ = ТЕГЕ, 


; ا‎ 
an hod. Gt; د‎ 5.45 Fey . ۵۰ b T аб EE 


T, Миа Са. З= ољ5 ба ab. (4-94) مب‎ 


Zu bsklule from صن رع‎ O set d,d ( check + zl) 


va Ц. = P.b.d. Ger 


M no need to check ږو‎ 


| | 


. Notes :- 


ba ald 2 2-10 
о” To ensurt duckile failure 
cA > 2.125 
Brille failure 


45 < с < («ам 
Pe ~ 


Duchle failure 


ble (4-0 ff 


i. Table (4-1) Values ensure that the designed section کا‎ 


under Gua لیس‎ Section. 


3 A soin E Jimin -b.d X — : Jax, b.d 


k - № ams, Case : Т HL Ми you have two alkernafiu 


Pesn |‏ سن د d‏ ہے 
calculate As: Asmin = Jimia bd и‏ ےھ سنا p m Take‏ 


d 


7 | = 
[ flat to ФР LA _ 4 / cons سیت‎ "s fo а от 
لوک‎ Peiborcel. کله‎ 
o Asmax 
I Мах (Бе ж-) Et? | 
Amor = Мак 4 x 
o Mmux 


Method 0 г fies ша. 


ик и u^ 
Тоз б, % 72 E As жы - 0 ع‎ Чик * b get Отек 


e Piia = Cu + set 2 wind ыж ریگ‎ + b „(у аку) 
Та = انل‎ s ed? fy a их У (4- مهمله‎ f2 ) 


OT 


Мефо4 с): Table (2-і) 


get ау from fable (А-1) 
Аы سا نل‎ bg 
We 


Relations « (болу table (4-1) ECP)‏ متا per‏ سل 


O Rmaxs rn 2204 ол ple ( (Table 4-1) P53 С.Р. 


2 
ji us ж” fian 1 Feu bd 
Be 


Q cA: 


From similarity 
d پس‎ E ) €< + روک‎ f 
< 
| 
a (UN = ت‎ И J | 


2.207 T ۲٢٢ СЕ Ұр беоо T f ЛУ, 


€. /% 


( Based Section) | 


Шыл oft (el, ےو‎ (Cmax Fem table (4-1) | 


@ Jimerx 


max = 2.67 А get ( Hm ox) from table (4-1) 


© Tabe 0-1) в Per singly 607. Section orly 


Deuble RES. Sec. كذر رقاهر مومع 22—04 ن مالع ال‎ pes 


6) مج‎ tance of To ble لل شا‎ 
(13 nan © 7 max © Ro خی ہے‎ У هذا )روک‎ 


А Under Се 0 Section pe Led 22-1 „э وال‎ 


Q) Doubly Reinforced Rectangular Section 


0.06FR, [bc 
شيو‎ 


és 7 &[ T, 


e Section . ә pin, * Shress ° 


5 Add = 4-а/ 
. 7 sed ado Take سح‎ 5 Jsp = dad 


|. From Static фа Фейт 2- 


О 74 = Си + Gs с: Athy / وا‎ 


"аб ФА,‏ يوا ۰ Ay Is‏ د« 
o. DF As Py = о.Қ5 Fe ED: + o,87 A, fy ----()‏ 


© My = Cu За + Ss Sct 


= Mus біш ob. (dah) + оа A; fy Cd) أب‎ 


©) es АА, 2, A =< À, — 9 (3) 


| » Cases о! Problems ٠ 


‚ Сизе (0 
و‎ Givens As H, b, d, ha ; fy 
۰ Required : Mau, (Moment of reste es Moment Gepacily of Sakon 
e Salulisn e 
4 Using First Principles 
| 1, from equation E- “Te è Gea 
0.93 A fy = 0.45 би. .b+ A А, / و‎ gel 8 


1. hom equation 2: Ма = Cutt + G إلا‎ 


* 2:45. ab. (d- 9/2) + .د‎ At, (0-4) = Muy 
(Subs. wih a gel Mar) 


« Case Ô 


° Given s b, d, Mu, ۶7 ) Z 
А Required А; x À, if needed 
Фен ви 5 


( амите Sing Rid Sec. 15 ена) 


X دم‎ 7,5} principles s- 


. Mu E Са У عل‎ = e.45 ھ7‎ des b. (d -a/4) Set 08 


& G ېچ‎ |9 e зе. dd: > 


" XT لب ) = 3ه‎ - Sing RM sec. 15 enough 
AK (beable 4-1) 2 "T 
X c(d > 5 X complete مه‎ usted Tec Sings 


olf off ж eld وب(‎ 


> Using sinas an section sill give over Ret >٤: 


2. We must Use = سیت‎ heel 


1” 


ا Mid ду‏ ایح 


Table (4-1) дер 


Rmax 


z Влав bed. Peay, 2 ^‏ . نز و 
لیو و H Miaa ЯМ 4 ок singh RIS (4 comple‏ 


0 М Sl dries د‎ You Should ux س بر‎ shel (£) 
1 
; “ shel #۶ 
294 AM: Ми Manas 
. зер did 
If 474 x ام‎ mild st 


^ 4 “ ield 
мм WALL] Ma? 


. AM: .هه‎ (4-4) xb Ay 
эў 


. check А < اق‎ ( [Dm m ۱ 
fec Singly рг 


° Tabl- (4-1) Set „мах „Осуа = Hanan. bed 
“ Саак = As -- а; 
~ A. = Asmax + es set دو‎ 
o Check A: /4. ze! 2 xe 


If < eo se ^ake ۵ ашы а. 


‚ Case (3) 
Given : Mu, feu, ^, b 
Required: A. , A, 5 d 
° Solution = 


A كن‎ < o. (ТЕ not given) 
1 e Nvssume 


11 5 Assume P ; 


1 a 


ы for d: Loud ғғ” SCC. د‎ а abe: 
+ 4 ac 4-6 ~" 


of fable (4-1) 


әгі " 
À z z тт 


i — ес) Ás Peas 
z Ag = o 4 э а= < " 7 


< max 3 ж < dar 


(| ¬) 
(i=) 


max 
Же formule i Ах «C Алыс. سو‎ 
04724 Levene ры ¿Z 


+ مه‎ Singly REL sec. 
y Апак table AD اه‎ Маи н) 


Ж. Refer to Py 


Nor we dew ہر‎ unknowns in ہر‎ v ads 70205 
selve te зе! (æd, А, А.) 

uation O 
he a G 


a. &F fy As = o: 45 Fou. ou. b 2.22 fy 4; 


б = ж Üs. dep 


edis ریگ‎ б» (caf) + 0:98 A; Py (d-d) fe d Ad 


4 ex А, 


01 д. J 
E. 3 ے‎ А,» ۰ 


(Sab. Seem ۰ О 40 и О 


Sub. from 2. 0 4& in © 
„ from ед. @ aet awe Cd) < Siles. in eu Q) get d 


Hom to Ht ۲ 4 мак corres ж por? 


A, = РА Т) 44 Ирак (fable 4-1) 
٭‎ (Sway =. roig 


۸ 
° demes = بت‎ max 
5 y 
Me و )لم‎ Pal Bi len 
` 
^ ) Аула 
e MZ Cut (ç 


„© 2-37 hy Á 


"dat А 


зе 
x “ыш Amar * b o7 thy жос A, ax) Set ar 


ay € 3 5 Cs Usb " | ۳‏ و 
к I {max Ca Je P ж аг ж be CJ. tup]. al re TL ۳ (4. d)‏ 
ed? + Ѓси m‏ = 


subs. 7 f Pas ۸ 


3 LLLA lR ¥ . (4-4) 
Pos 8 LET. bé Hem ( y/k) J 


Solved س‎ s, 
Jar Өлейін Т) اوئ‎ AN! ева) 


d. See 4 


Asume‏ د 


E. = 2.00645 


( بہار‎ < МЄ. Атах) 


min = 1/6, = 2.02925 max = 2.0/25 
p” Af ^ drs pd = o Is£2s d 


a Л = С, е A [yf = одб. а. 


Ки. LS ۲۳ ES o. H3? d‏ 0,45 = م36 0.156250 ¿Che‏ ہے 


(a /d 2: іе) 
e 77, = Сы kb = ^5 Ға ,а, b. (о Afs) 


E < ЈЕ“ g о „5 < 259 » ۵/77 de 25 (d .. 0. 284754) 


2 г " 
o 487.0 d... AG = ہے‎ Jo ° 2 Sx 8,52 съ = 9۵ От 


a / = fbd = о.оо&25 ка Фо = Мр. O68 от ше (4 #22) 


Fenny 4 Мах іс fet Сямі Ж Гб) 
Zable C у) get J man = ее 5ا‎ 


IT = mak bó = 221266 25-96 = 20,105 ст 


2 lo get Мах 


Meed O First сыз 


Te = (и 5 میرم ۲7ھ‎ ж 20426 = تشه‎ 250 «26, Omax 


них 2 بر هو زرد‎ 21124-25 (Фо. 9439/2) = 85.8 т? 


Metod Ф Zh (5-1) 


Table 5 -( Фе = ol% 


, į j e" г 
xx E Я ax ; м z 0/92, 50 + 45» до = 65.3? mk 


La ins 


( 7 KM. Sechin) 


б/е 1 Mu 54, Ки و‎ бо о 


Mey: As Ae ad 


4 Solution ٠ 


a Assume ۳ - ( ۀم‎ < t < ونم‎ 


(/-о) 


. Jina, = 0-05 Cable 2-1) 


on 4 = Hbd = 6,274 d 


` 
£ 5124 Soot A = وښه‎ 250 25 „Те ок № .. 
© Ми: CX +C Sp 


4 254|05: o. 54 250-0. 25+ (ZS 072), 2,82 A 26۰ (ds) 2ج‎ 


` N 


$ ol = А ЈА, „5 / = AAs <> 4 = 2.2 = @ 


° A, = Zb = o. 275d — (9 


Gubs. Prom (3 4 2 л 2‏ ۔ 


$5 په‎ 47 х ?foo ж sad „ 0.4.5 X 250 X Ox 25 + о, 87 £7600 zo, то. 154 


~ а= 7 d 


> © 


„ Subs. from (9 у Bud) in Q 


& 254/05 = o AS + په که‎ 7 к 254(4- 2.0080) + «8 жо ےووہ‎ 
x 76 oo ld — 5) 


бо Wig 


2 2 
o» 254107 = 267.134 + Ah 52 0 - z Pd 
e 9/3.754 - КЕ. ФЕ? жесе 
& d= 44.843 от یم‎ dz Те cm 


e А; = ال‎ dbz 0.2239: 14.15 от ше (64522) 


T = و4 ۸ه‎ = oho * ۱۲,25 = Z, Ст une (haig) 


C. Section 4 (рай, RLL Section) Aun, + Мали 
(о) (Dosb 1 


fable (4-1) 


. ha 23.4. дб ст 


Smax (1- ex) 


lor Dass Ref section | 


^ 5 : 0 2 
4, يه‎ = 0.7 = (4.534 Ст 


Hmm 


O Method : Рур peraje 


From 7 0 Jet Жау = 1440 Umax 


° Итех = 24.56 От 


trom 2Ф 
L = Си ЊЕ + ۷ 
M 


` 5 
may = 45x 450 + у بر‎ 25+ (Fo - Qm) سے بے‎ (30-5) 


бы іе 2 Mama 61066 mt 


@ /1ейе 2: (4229 Gode айтп) | EP 


А УБ) G4]‏ +اط. Ranar: би e‏ حم 


ше a Ма = 64285 mt 


Question 0 EJ 


( e ) using the idealized Stress - Strain curves shown in figure ( 1 ),Calculate 


the balanced reinforcement ratio ( pp ( for section no.(1) given in table (1).as a 
5 کا‎ ~ ~ ~ Е ` Я 7 2 
function of fy, and f, If the existing area ot steel is 45.0 cm and 
5 ай à 2 ЗР "T. 
fa = 250 kg / ст and Е,= 3600 kg /ста” , check the mode of failure for this 


section. 


10461 Stress-Strain curve 
Ideahized ое 
For Concrete. 
ЕЕ 


Fig. (1) 
»Solulion. 


Сси:е ter 


Ey =a 022 


Shain Stren 


همح Sedten ) €,:€4 X‏ ھ7 


07 iby eb trian of 


Eos 5 0:904 +0. 20) 


» From £qu librium 


oÊ Py к ^s = 6.25 Ск ы * b 44 f bå 


Лз 0.46875 (fa/p,)‏ ش 


Sections (Y, |, Sections)‏ 2ع 


e Definition. 
. Te RC. Section is regarded T-sec or L.$ec then 
The Ру Ра F (Part contains slab) صر ؛کی//‎ 6 а سی‎ 1 Fone 


. El d Sections are usually Designed singly Reinborced. 


Es Y Es /¥, 
Stain 
$ fian Equilibrium Conditions š 


0 Cu = 0.67 feu / y ۰ & ‚В 
1 2:63 Ru/h < 4.۰B = Аб 27 


IY], = Cu " الا‎ 


sè Mly- ah Ef. ld- а/,) FE ин 89 


— ни № | 
кеа ` neglected 


Ҷ | 
= | 


Section 


, from Equilibrium Cnditions 


ly = Tey 


T. ob? feal X 


Си. Set 


2 Pas :مه‎ le. B.(4- 5/2) مت‎ 


„Мән i- 
. Jn Gre (à) 
The dph of “hab shud Block (a) ۶ < t, 
( Flange Huckness), So this section will de designed زس‎ 
a rechegduc section ih Breadth "В" indad of 2 
سا به‎ A ЈИ 
The Seph of egui اول‎ hen Block la) is >t; 


(Flange thicknens У , including Fart of the section web, dal 


Z CP. allows neglecting of и и in Bis web 


part Сыз Flange кор LE رویز الط کل يتم‎ ( 


efus ۹ мах for 72 Je 4 L-jece 


г Same \ lut of Rec. тесе»‏ وکسا 


Rom table | (4-1) ECP Jet مه"‎ — на 56 


ma 


аа, <s (Rec. sec. with bread B)‏ لم 


5 “ (feel) 
ds < / max 


max. > Ё; 
مل طهر الم‎ UL حولنا‎ 


е АЖС جمس‎ 4) 
مل د‎ Селера) (Bb) В (И ٨ 


2 LN 9 A; - б 


Лес. ۰ 
° As win 4 سو‎ for 74 ka 


QE Jin . b. d 


. f; тох 


tm ЈР Umar а 
‚Жс d d 


2- Jf Чтах > ls 
7 ED b. 4 


Ф m т 2 T т 


Asp - ә Leu (B- L) t л) 


Апак : Table (4-1) ECP 


Given 2 A, а, feu, ty , 5, B ts 
Required : Ма 


. Solution . 
a Solution O ^ V 


. дите а < L; ) همات‎ @) 


aks и. а. В = 087 fy Ag get په‎ 


سی سس Valid‏ وک axi‏ 


~ Pla, = Cu Yop = ون که‎ В. (4 ap) 


a> Ё, E Invalid omumphion 


` Apply que (8) ( Neglecting Kesis kance of web part) 


Cu - Sep = oS ћи k TE (d- ts/2) 


pm as Ë (сме @) 
: K. = sasha 2.8 4 دچ‎ FAR 
X ¿ Vale! سض ست‎ (a > х) 


PT us = Lus JF т 0.45 fea. ts. B. СЕ А 


7 а Ру à سس ې‎ 4 pA Que © (SU) 


2 б; Ta 
2 245 fig. 4.В = -37 IU او‎ а 


у الا‎ Sof 27%. .ينا‎ Seb = 045 Ica e B. (0а) 


- Case 9۰ 
Givin г Миа, 9ب‎ fea, Py 


Repaired : £ $ d 


° Solution > 


(apply сае @) 


2 2:45 ftu. ts . В = 0.83 fy Ae get A 


X Mu = Cy. Чер = 90.45 hu. te. В , (а 5/0) Set of 


Check  #einlorcement Ratio (М) to рит under موو ہام‎ 


AE Z= (Сале В) Ж Jinas бах : مامت(‎ 4-1 


^B 2 in Z not: use бон 97 ЖУУ! 


y^ ад Ree. 7 
min 


ЈР Гах Increase z 
Mu = 245 hu. a. B (4-90) gef а 


۰ Cu = - 4 "45 баса. = 7ے‎ ЖД IG A 


Recheck J, with Jint 


Clearly this is an iterative solutions that is not so good. 


sdb ume (9) کی مس‎ 


about 0.4-0.6 mue(max) for economic considerations, most 
8 Assume Ғы be more than mue(min) 


‚ = a 2 A: Mbd ~ As: Fld) — t 


> @жите ax ® ( сале @) f 


ГМ 2 له !که‎ +. Es РО) 
— 0 


рот Dg 2)‏ ۔ 
Q‏ ميتي get es t(d)‏ 


e 


ІР а < e.lo d 
СЕЛІ 


M use Amin = кіш) 


1f а > 2.12 "Í ok 


5 МУ = Cu. Sct 
i Mu: e4Ska.a.B (4-2) — وم‎ 


Subs. арай @ in D get d 
Jom #09 . سر‎ a 


ima — =.‏ —— جک ر ی کے سین P Е‏ 
A4‏ — / 


у ٣ د ووهه‎ (Velid n سس‎ 
4” ға هه وسوا‎ ap: ind A 


Ji arts .: Invalid caution اممه د‎ cae © 


١ 4 Cas hy 52 nS Pig Be IIO 


7 لے‎ NET equation 0) És 0 As: Abd | goe 7 | 


3 ج > pe‏ 
وج عن »> سپ 


Сале (3) 
Giptm : Mu, 5, B, ts » Rus, d 
Reg. : A, 


( very ут тей CUr ( 


Solution, 


CLH UIE а > Zç 


( чууну سی‎ @ ) 
Cu: Та 

„2 0.45 .يزكر‎ а. B= 087 Ly Fy 
#و‎ Љ: fla) 


y ںا“‎ = Cu. Set 


Miz 045 Aa. ۵.8 (4-4,)‏ د 


це. a 


Ip 
а ر‎ & Valid ہسوسو‎ y fe As 


2 7 
سی سے faza f‏ ده te‏ حر . / 


4 7 Que B 
" Den 7 fo 
| gel fo check Vi v 
— – - 


e Design E. مه‎ С. Sections ال مار‎ Te “Fare Sending + 
x. Li sing Design Aids 
Q Singly Reinforced Rec. Section 


(Chart 1 


- балы ыл» 


u>‏ دیا 


Re Mis (aad 


"o NP. A de о | ая 
لت‎ 


А С alu ion ° 


Get 47- Fa 
fu. b. d° 


for у= 36058 جا‎ 


LJ > nay (Rmax from Curve : Rmarco ll سا‎ 36/2) 


n Get wo («> mut be < Vmax) 


wd, دی‎ 


Ta If R > Rmax (G ~t) مرول‎ о» Cave M [PTT | | 


5 ur gH section is net enough 
X use ог ашы Skel to ensure under لام‎ Sec. 


% Go te indi ,, 0 section Curves 


Llsi " the Cal Cu lated R 


© 


„ Case (3). 


Given : Mu, b, fca, FY 


Ка : A, d 


. Solu tion ° 


Solution 0 ажате С = گے‎ ре for Beams SS 
А ج‎ 3 for Slabs 


Gt de с | СБ м 


OQ 
V а . ط‎ 


š (actu al) 


e adsis Q^ au^ unm t€. АЎ = v [ په‎ =< 6 — 


from Cuy we و‎ aet R 


Q. My /Ra bd gee d 


or ٹا‎ Curve 


| м 


A Cs = әз d Fea Fa 


p. СО] cuve (cht №4 ФА) 


d- Ci | Mu 
fa. b 


. Canta of Dre Шет , 


٠ (ase Q ٠ Bis و‎ Ed ha ود‎ Ñy. d 


Req : Check Mode of failure 


45 olution- 


— get Ci 


| fike farh 
cheek (c/1 у — = (ел) ۴4 (/4) дах to اه‎ Suc 
ай” سه‎ ۲ Curve 
from 


Curve 


If (q) > fl ras سڈ‎ adure 


If (c/d) < ( /d ( min ~ UN 0 و‎ 1 


a Cage 2. 
ې‎ he aD ab, 
Reg: А 
El ° ` Salution . 
de: e, LA. Ми ]مو‎ С, = d pu 
Pub N Mu 


chek (HW > اكه‎ > нан! 


trom Curve зе! ( c/a) 


from Curve gel T As 
«ТЕУ 


f P = 
> use 0 RPE ۷ Go fe doubly anf. 
(4 Sop مق سم جعب‎ 400) 
34 4 ات‎ min 


— 
بج 


ше cif, re Ј = 26 


(ds die حملن‎ G at's) 


tt 


Given; Mau, b, Fou, fJ 


Reg. , Ad 


° Sohation ° 


. IE ce > CAS) rax :. Increase d X recalculate. 
š ЈЕ cfd < in д decrease d x РИ eddie 


or Take (S mia ___- Š وہ ٭‎ 


~ Doubly نات‎ seek Rec. Section š 


I- Chavis V°. (6 , 7? ,—, 9,10) [ accerlind бо fy) 


(Ра УЋИ) 
m 2 345. Kolem ше Chad MP. 9 


ж ото еп of Here Charts 3 ЖТ 


x Ne usually take "AP о.о 5 for d> وی‎ om مړ‎ 
š (=J مسل‎ si وض هزه‎ ) 4A = e. Jo for í< áo ст 


.fow fe ux Curve 


Point oF comar N Rau 
же 


سس 
2 
я, ve 2014‏ 
Wn‏ 
i= 5.]‏ 


abd Жа Pes 
: | 


A = & th 


i) ۸ 8) X 


mer ë Snax У ٢ or +“ тик Directs fom Curve) 
La (1- =<) Жж 


Table (,-1) 
S.C.P 


Given: ha ty, رط رك‎ As, 6; 
Keg; Ги 
5 боји Кол 5 


= wbd. feu / 


"EN „ № ما‎ o oT 
deu. bd 


Given و‎ ku, Py بر ود‎ 
Keg : A, мы A; if needed. 
satus. 


Mu 
baa b d: 


Ass ame ol = 0.2 — R-‏ ۔ 


и RX г chart N2.1 5 


max 


су“ fron chart. 


A = 9.0 


P © Ñaw “Ue Compresion еј (o) 


for ex 


you pave buo ٠م‎ 


l- arume ОС = о./о0 — 949 -— 
or ж” 
2_ Қос Rem, ; تعالله‎ гг’ „51 „КЬ 


5 
сбзезе Lp e اول‎ 


(А مه تطعا تیۃ ال‎ VD) 


get ند‎ < Vmax ( if mot inertax ~ —+0.4) 


Z z co bd. / 


Ginm 3 Mu, b; ۶ 


+ 


Reg : 4,6,4 


. Solution . 


. Assume K zelo—e.4o (ЈР not given) 


2 Assume а (Cures  ھ‎ yrr La 


77 од < Wmax 
5 {+ nb Ра 
As = хй; 

JE со > Imax 


2 Increnze سی‎ + recheck 


| ا 0 | 


+ © 1-٤٢ 4 A-C., 


в Lhe = | Curie (chut 4 АД.) 


at وا مال“ کے‎ cob رسس‎ > Res. الم‎ Саб. اد‎ uis 


/ 


۱ [ls £ insta of b in equalierns 


2. Men you дышите С Аэ 3 for T4 L See, 


=ош,‏ 0 م3 
muy‏ 
[use cminid if c/d is < cmin/d‏ ,)<( —< 26 © 
min‏ 


4. - Jou murt check d < ts or a > ts o 


2 


Get (9/0) Ры Curve هل‎ 


Known 


ІР а < Е; Get J. 


Le‏ زک 


= SS. ( charts 3157 а ol) 
fs J.d siis 


. General Noles on Cant. 


— 


pe R- curve ( chark М. 1) 


Жоға = 2.729 
Сток = 65 


| for "EST kg مو نک‎ 


tm ( chart Ме. 2)‏ )هڅ 
C, > Afo‏ 
аа < Tels‏ 
(eld) = (014),‏ 
a ть аж‏ 
ye ОУ саме d, я AT ғ 5‏ 0 


$0 عاق‎ Spee ұш 405, E.C.P.: аә (4-1) 
مہم‎ Tahle 


СМУ y Ro 
۹ Fy = 0 Rmax = = = 2.12933 > 
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e ULTIMATE LIMIT STATE DESIGN METHOD « 


‚ SOLVED EXAMPLES . 


а Excomole 1. 


For the Shown Ф.С. Section 


A, = با‎ GIs , feu = 250 Ка /от ‚ Әу: 3800 kylen 


.Itis required to obtain t- | | لكف‎ 9٥ 


+ 
1. Moment pacity of this seckion (Max. moment could be sustained 
using given depth x Keintorcement). (Mu, or Mu) 
2- Мах. Reinforcement could be used in this section & the 
Max. moment Corresponding. 
.Це ام‎ prices lo 4% requirements . 


e Then check Solution ан design bid. 
| 


«Solutions | 


1. Usin first Prin ug lec 


Ecu = e. 66? 


— 


Section Strotin 


‚ 1. Moment acit (Ми) 


. from equilibrium equation s 


= Си = Ta 4% کب .ه‎ ол. ۵. = 0.37 fy As 


At 25 = о.97% 3600X ٤ ^ 21.34, Om‏ +750 2.45 مه 


= Ми = Са. Ја z a et et. b ç (de пу) 


AP: ө45%250% ۱.3۸ #25 + (65- Ik) = 18.723 mb. 


• de و‎ X j = 


“бие ahe kN AGE 


тох = г. 0145 | à we o. (94 


= А; мая = pow „Веб = 2.0/15 25 + 65 = 20. 425 (т. 


(84 8) 


E 


Х Маҳ = nar: i diu s o (ЧА. x 259 ۳ ۰۳ 34 15 mt 


һ5 
eAnotler МеЙо4 to gel Tnax 1- 


| 
° Cy > Та 
ae 2-25 Da. 0 маҳ . bz o. $7 ty تس‎ 
= o AS х 250 + Фау + 5 e 2,42% сөж 20, 2125 2 Oma =-22 60 


š Pmax = ыр. Jel - 6.45 tts. حا وواه‎ , (d. =) 


45 Иных = o.49«25o0x 25 ж 2242» (es. 22.42) т $4.15 mt 
2 


1. Check using Design Aide 
1. Moment ane ( М?) 


220 (Ф co) Chart №.1 


А; = wbd Fou 2 lol? «له د‎ 454 65 ж ٥ 
fy 3foo 
so Wt 0.09 Z CO max Cee = 8 for fy - 3f00 ) 
GD eS 71 R = 0.014 ( Sure < سے‎ | 
5 2 
R = Мике NN on M = £. f : id 
Ды | 42 u см 


„Мц: 2.030 #256 # 454 65" = 19.00 mb 


ی ی یی ; ا 


E Asan 4 ж”, 
. Using (Р- со) Chart 
Я тах 2 2,12 ( for fy = 7622 А Л) [ fram Chart мај table Lyi 


72 yee Asmar 


n 
Rmax chart > max = له‎ 


5 2 
— Өр Б, کے‎ 242545 x ES 2 20.5125 om 


To Jet Миих 


Ммаҳ 
ha ۳ 


Rmax = 


2 
A P МЕРЕ — max - Poa: Ыы = 2/29 х 250 ks #65 24.06 yn 


«Батре 2. 


for the Shown ےم‎ Яо Mu 
foju 250 Ky/om / = 7600 kq /om' 1 |t 
As 
b: 25 ст Ми = 3o mit 
ГЕ 


It's required to Design this sewn . using first priciales 
« Using - ۸6 
‚ Selulion - 
_1. Using first Principles 


. КУ d are rewired. So: дите g 


pow 07 = 6 2 Алая = mollo ( table (4-1) 


~ отите Ғы ooo? | 


6 2 o.oo7 х 25 d a HS d - О 


from equilbrium Гифт of Sehit 
T3 


4 2.45 Feu. a. b = o. 11 / As 


2.45 ж 450% dx 25 = 6,87 x 2 (ива) 
& mco d (a mold 4 ok) 
(IF not take dens el dl 
> Mye Cadet = haha a. Б. (de =) 
co M = 2:45 # 250% o.194,9 d'a AS fa. 2.19499) 
2. 

5 Р 3 2 

a 304/0 = 58.1504 3534/74 = Аа 


5 ome FG مه‎ take Ё Po ст 


Subs. in ey (D 4, = 2.1954 - 21735 «Зо = th Ont (é æ /8) 


Usin 2 Aids 


Assume А2 = ۔‎ 2 (wd max) 


£ = o. 074 ( Suave < S ux ( 


= د لفطلاف ها‎ d. 28,25 om lake 2-60 tm 
Feu. b. d 


5 
o سا‎ e ЗЕР. 5 з نبا‎ CH, Oy 2.0% 
250.425 4 * 


bd. fu оу, + 254 80% 8595 = 13,056 от (42/2)‏ ده 
6 8 
8 


3600 


У Check } ( Not necessary) 


E % 3 (very Common in хат). 


For the Shown P, lo Section 


1. Get Reinforcement Stel f 
و‎ eDetermine the тах. RP, auld k used 


x the corresponding Maz. moment. 


feu Aso КЎ т” 


(use first principles y check usag Design Ad). 


^ = foo fy lem” 


-Soluhon e 


J . Using first اعت‎ 


Section 


٢ 


Te gel /‏ سو 


АЛ 


s Ium Coui гіт Вела аяқ 


4 Cy = Tu 


Feü a.bs o. $7 ty 6;‏ زار 
„А5 к Mo + 4 25 = o 37 p Mon + As‏ 


& Ир» ef 9 


My. ه‎ fuo. 4-24) 
Soki? د‎ о.45% 250 +® + 25 (95 - %) 
Бож ја? „2411815 а = |kof.45 a | 


ља _ 140 (4 3555.56 2.۰.0 


3 а- 21. О ст (а = 2.22 melo zok) 


subs.: гл e 2 ce 2 = + 89799 x 21.044. = 13.89 om (5422) 
Check P (5 #22) | 
Fe Ds _ а ET o = vol 
ü ls.d 25 «75 
pw "f. 0.1 لا‎ max = 2.2126 > ФЕ Nx Mad 


1 


2. To . Bel Asmar X _Мтах 


ATP 


Bars Jer bd пора даба Ёё» 31/4/18 ond 


oo a 5-7 Ea Amex - Њ - 2. 7 e^ A мах 


oS £ 250 k Omar پر‎ 25 = о. # 3620 ж 29.6875 2 Атах = 33,94 ст 


Ши Dess Gils‏ را 
i- Reinforcement А‏ 


š using (Re cs) Chart 


&- Muri - „Бе яе? ___ z 0. 0 98/ 
Lud 250.825 #95" 
`Ë 
ته‎ 9 < Rmax (2.119) 2 Continue VR: Me =i ЖЫ й, 
g _ Curve О = a.ll? 
A Q= соба. feu = 4.207 om ( 6 22) 
J 


" C Beck Rein Porcement Ratio И 67) B" d 


F: As 22.8 = РРР гў 


bd 45x95 


Млах= 2106 М и Мах A ok 


Нл = 0.00306 


en Asmax X маж 


Я « нак h.d- ө-0125я26 5 = 49.6925 ст 


Smax 


" | 
Fraz = Ж mw. سط‎ bid 02144 6 45 OK ASH 95 = 14. 74 m.t 


2.129 from 


Curve 


-Engk 5. 


„ For The Rison ғ.с. Section 2- 


Ils required to get Reinforcement Steel Mu Ë 20 
le Suskun Plus 50 ۵ 


~ 


a 
4- ت‎ 


.llse First principles to Je Requirments . 
қ Emphasize your design Using Design Curves 
„Ки = 250 سم‎ 1 Fu = 3600 kg/ om 
- Solution. 
| _]. Using Arst Prin ciples + 
e Assuming Singh Reinforced Sechion (X= o.o) 
Rmax = о, 194 ( thle (4-1) ECR) 
қ бад. fou. b. d = 45.44 та. 
Ма S Tia 
2 Invalid apum pha 4 we ned бл 


Steel (A) ( Doubly Reinforced Sedion)‏ سیف بے 


Hint > You Cant Increase d` 


‘ Doubly rd Section 
айел 0 


° from Аја ит ابا ہل مضا‎ nz 2- 


Tú s Gy a С 


2.57 fi As = o. AS Fon ‚ QA .b 4 2-87 ty á; 


— ۴۲ «X = о. = 2 ov. a; - o. و6‎ 
$ 


Subs. in eq 0 


№ of 26004 Ө; = 2.45 #250 ках 25 + 0.87 ж 3602 X o. As 


? 
0: 


a z о. 668, 2 &/ Я, = 1.476 а — D 


Са ېلا‎ + Cs Уа (subs. from eq 2) 


бож 10° = له‎ + 250% A x 25 ж (15. A4) + 0.8743Ç00X o.) ۷۸۸۷0۵ 


fortes = 210432.50-- 14002502 + 13193.24 a 


h e (Mid-Term 4 

» 
„Бе the Шот Ю.С, Section:- M, / 

Calculate Moment pacity РМ of the sechion 
Using first principles X check Solution айу, \ 
Design Өгоб. (Ки = 250 Kalom ) he 3600 Ky lem’) 


ы Solutions 


ls Using first principles 2- 


e from equilibrium Conditions 


ж رونا‎ С; = Т, 


би ad by 083 fy 8; = 87 96;‏ قد 


0.45 х 450 * а х 25 + 83.م‎ + 52 00K #۰ ۵6 = o. 8? Х 3(00 x 263 
(ref ne 


2 a= 24.44 т (alge 23.41/45 = 8 »e]) док 


— 


x Mu= Cu. + Cs اپل‎ 


My = 0-45 ۳ а. ل ). ما‎ a4) + 7 fy А; (44) 


a My = 2451 250% 12. 25 (65. 226) + 0.874 оо ж бео ж کا‎ 5) 
A My = EE rm. 


is Using Дейл Lids 


e Using 0 >) Curve (chart 9.9) 


` | 
ь СС = а: = 022 z 0.444 5 X ~ 0 | | 
А. 26-70 | 


Ase wbd fe 2 263 - سے + £5 رک یتو‎ 


о. 23 Aggy ОҒ auod)‏ => و 


0002.1 a + forjo? 0 


1 f= [9.02 Cm (а [4 = 2.25 Del ok) 


subs. in e get 6: 274.45 wî (9425) 


1 0 ہے = 46ہ ۔‎ де MWK (CPI) 


и У 


| « Check Reinforcement Като د‎ 


- As ١ 29.4 _ = 6.91508 
/ bd | 25475 ш 


0.04085 ء قاع ۔ .== 0.00806 = Дни» Шы‏ 
1 2 - |( 


ni پد تر په‎ ава 2 OK 


Solution Q 


Mu — max z هک‎ - 45.4? = 14.55 m.t 


(singly) 


- Aste г“ Уу x masta 0). 65ж3%6 (75_5) 
ðs 1.15 


~ OS = 643 m (Ад!) 


° A, Мтох b.d- о.0145 х 25 + 25 = 7 ک3‎ ст? 


max (singly RN) — 
E 


Oi 285+ 8,04 = 31.4775 ст 
(#445) 


- 6 
š ( Doubly ) سس‎ cla) T 


Же ӨС ع‎ Behe 423 & ok ~ OK (Та check | 
: 4, $4.5 (Л be ok) 


7. Using ДРИ LA 


Lising (8.40) Curve (Chart 11 


R- ۳,۰۱ o = o. lo? 
Fou b d° 


% Q > О ах (0.129) we For (36/52) H,G.S. 


д We need’ سس سے‎ shel Ae 4 go № Glow] Me 7 
. Chart ۹ 


as o. 17! ۴ل اک‎ oo fo Cs 2.3 X ده‎ < ИРЕ: 
(minimum о.) 


6.- о. Рои ے‎ 22.94 om’ 
fà کے‎ 


0. «а, : 0.8 29.94. = 8.982 ow? 


e То eck solution © (Пой principtausig, Саги) 


p. m Curve tis Al 
оќ = e. + 
& бк = bod Te = 48,125 от ək 
4 — 


0+ = 0.4 As: oh ЭНИ كمه‎ oR (check Л (IFN be of) 


e 6 


سح 


Design the Фет Section subjected 


lo My = DS mË X (Ae = od) 


° Using First frintepler 
ë Иста Фра Gids 
سه‎ kg / жт . | = 3600 Kalon 


. Solution . 


06 Using First aes 


sun € Fi А p," x P < mex 
CI 20) 
Min = и/р, = о.о230о Ё А max = هه‎ 25 - о.о 1399 
J (1 е) оф 
су um € = ۰.۰/۰ 


И: а. 25 Ay. Hbd = — T4 2254 


40 


бо а, :چس و‎ 0 


э donat 2 «ға т а روط مه‎ 


5.8? fy As = غ کو‎ tre Б + 82 АВ; 


2874 ح۶‎ As. 2.45 + 250 ۸5ے پور‎ 5,8? x Keo ه«‎ Й, 


subs. from а Ф 


لے ہے 7 ې 25 0 256۶ » 5 .2 = 2.454 36004 2.87 


x Му = مه‎ Jep + 6 Ja 


و Бұға deo‏ ہو )82 Co Жа (d‏ پر کچھ eA‏ = 125105 د 


| 
P ағ ور‎ Im. Га > al d док) 
subs. from eq: ОБ. رف‎ 
od 1254 گور‎ = о, 45 X25° x 2.225 d i25 x “= 2.254), oi? خی‎ nos م مو‎ 2) 


2 
3 LS KIO" = 693.530 _ 29.5 d 
2 
A d - 0.54854 — 262333 20.0 2 d- а Cra 


Jake de 135 om 


2 Oe = 2250 = 33,75 om (7845) 
de -odo دوك‎ 3.325 ow] (29/6) 


ғ ۱ 
X. Ui Dem fd 
. Lig (fw) Chart А, $ 
له‎ 


Яш d = до ст 


eb Я - 013125 > — (of оё=е.[) 


5 
4 Фик = 9445 = لے‎ а d= ПЕДА ст 
(4-41) 550425 d 
Take d= Ro cm (To $} Жж fena ) 
| (о<зе.1) 
R= eqs Surve جع‎ = xdi 
= e.je 


Ales be. Fe 5 24.59 cm 8; = о lo Ё; = 3.95 сай 
7 کک‎ it acts P d ILL 


- Nbles- (Aot 076 ) 


Jou fam Lo check F here (УС 62 م‎ py) 


Л. L3 = 2.082 > Хаи X < Jn 2% Ok, 
: bá (1- ж) 


t ا‎ d RB ча 


le 7. 


«Вар 


„Рог the Shown  &C. Section 


Calculate سے‎ First principles тё 


Я а Moment => of Section l My) 


45 
2 ах. Moment cud be applied Lo the _ 
۸3 | 


Жа- 250 КЗ Jm 
Section X Max. corrosporing Сд; ма). fy = 3606 ٩ Ат 


e Solution • 


Ec rey 
Ј 


Section Вадя Sire 


a ram ¿dui Ibn um Condition f 
£ Cu = Ta. 5% a 45 Гол. a. В = 2.57 Py f 


2 كباءه‎ ۷ 250 x ۷ه‎ бо > 0,83 x Sfoo y 4х 24 4 A= 4.82 om 
А 


20k Valid سے پس‎ 


ald = o.]05 Z a.l so oK 


Mus ба. Ye.‏ ے 


ГЦ = о. 45 Жа. ot. В E... ал | т 2.45%256» 452749725. a4 ^l) 


е МЫ: 37.80 mił 
2 бояу بد‎ Mma 
(7/9 m = ېه‎ (Table (А-1) айты: oth . Coa a د‎ 8.6 Om 
4 буду = له‎ Отах = 22.8 > پا‎ 


/Г 
ax ہست‎ 11 related fo ШУ? 


зле = Jax < b T» 0.0125 # 25 X #5 = 20,8125 оя? 


о, 45 Ёол. ts (B-b) А 19,75 т. 
e. 87 FY 


00 Ae ai. = Asail жас + Asp = 42.0845 тї 


Max’ 


Method o 


C, + Cs z Tu X Ms C, # (d— hy) + г, ГА [9-6 = (ee) | 


'. Gel | dmax 3 Aer trom Обр Ла 
ог from Стах/ | ( refer fo јање 29 
"IP Д 
Мах د‎ 2245260 4 | 0 £O ۴ 6 5 مب‎ $) + e.G $$ 25 09 25 x (22. Ж lo) 


«|6- le – سس‎ 


max = 71,4% mt‏ وه 


Nl, ФМ 
چ‎ Asp 
(4-4 
-- 
اس‎ + —— Pt 
¿as 
; 2 
МТ, = Ктах , Га | bd (Raar table (4-1 ہس‎ rec. ) 
7, Sec. 
4 PT. 450 x 25 x i5 z 22:15 m.t 
,% 
ah 
AM: Ast x = (2-4) = 1%75% 262 (45-5)- 37.014 mt 
45 
کس سو‎ ey’ ш 
Tu, Je 


wl Tene x = Pha Де AS. $7. 595 = 71.225 mt 


Example 8: | 


. To г the Blowin 4, fe Secbbn 


Calculate M A ) 4 


A Using First Principle» 


, ы, га Aide 


г Solutiones 


lo Using first principles 2- 
— M ——— يي نش شي‎ 


MAAILM € : = = се 25 
yl 
د‎ Me És А fs = сат би 0 = جو۷‎ d 
/ Ld. Ра 
. Assume: ax<ts 
7 = Ти اله‎ 2:45 foua. B- o- fF fy Ag 


2 045% 250 хак 79 = ه‎ 776٨ 3600 Й; 


2 عب 26% ے "E‏ 


& from 06 


۶ as oo d Га = زه‎ 


نه هو = take ањл‏ د 


є My = Са. Set 


32 ¢ 6 > о. Д5 + 250% o.10 + (+ To ) سل‎ 2.054 ) 
~ d= 65.0 оя take de Yo om 
dau = Тео om < By o a Valid apap? 
Subs, im 44. @ (YIN) 


As= 2514 min = 175% مه‎ 


. (6/4) man = ©. ДД ( ta ble ds) ae Crax = Зо. 8 Cm 


de Uma = ۰۰5 Cray = 24.4 т k, 


Vu x бы = 77 ol Ec тол ( ,و‎ 00306) 
bd 


2د 


. 
эм 


ہار Jet = Pont with‏ نخس سے ہ2 


A, = бє» Asp - 17.58 2454250 واج‎ (72-25) 
ш (fs /%) 


° A = 2 
еә Bol = le 5% om 


д 24 ۳ Е 
net = E = 2.000} سه‎ MAX 
ЭЖ 4 Vi { 4 
me m ہس‎ (2.0115 ОЕ #- 
© رم‎ 1/4 7 5 ГА PLL Prf 
c. oK pe JLU (071 / 1 Ad سرع‎ On 


47 


• For йе shown Pala Je on 


Calculate : ۶ 


Using Жи? ларға 


e Sin; m d AX 


ofulton e‏ 5ه 


1. Using First princi les 


OMA ۶ а<Қ 


» fron бағыт Conditions 


қ Мыз Си, Уа) 


- 


= «лей, d CaM 
ده‎ зове = 5يدره‎ +260 + OR 4۵ x كنم م‎ 0.54) 


30# 107 - А 38750 a - 3375 а 4 de db т < L4 


és м.” anum Hier‏ 1 <“ ه 


a > el л OK. 
i Bek 


е, 2.9 fou. a, В 2252 6; 


xo = 0.37 ж 266 As‏ 2.44 2504 + 5ہ 


Ж : As 2 00096 > Ja о 


Cmax = ohh 22 Amex = 22,58 ст 


بی 04 ,2 _ А 5 Asp -/%ео- 9.454 30+10 JS‏ = ای ول 
3646s 2۷‏ 


: " 
Же = Ве. ہ٠‎ ٥ہ ک‎ = тех ( ә. 0/25) 


Ме Fe 3 ТР белгі. سے‎ ۴ 22 E “ | ВР 


ГА 


f to 5/45 fex ел Comprei) 


/ DE La en مو و‎ 
/ 7 


r 


سر 


ки LI sing Design A 


- [ =. (о, = T) Cure ( hart м, 2) 
Mg x Jo" 5 Zu. 8 
d- С, Id X % 6, i Mr دی‎ 
A C, = А. 6 CU ا‎ ==: с/с = چاه‎ 2 IE e, 52 
cA > (ES) min X (CH) < (UP мах 4 of 
(chd) = eJ + С: om М 02 ۵,8 С: 7.28 то _ 
(а sotd ok) 
A 44% % Use equation of ut. 


Же 


‚ Check Fa 


$ 
Mu k /о /5 3 Gai" 


& ء٤‎ 


mii. ње Same Method af نف‎ 


g 


МР 2 /бе 


„Јер the Shown Қ.С. Section 


«Calculate 2^ ون‎ Firs} an mi 


€ Col hon 5 
» In bhis X section the web oF лг وم‎ compremé 
by Же moment, So we oaf with hts Sedia о 


£ 
el rec [алуы ct sechim ال‎ H brea ", 07 L 


Мах’ = Amey + [ls fp) e b = 45, AF m. 


۵ > رووا“ 


np Же fe,‏ ہے Cen i sethion‏ № د 


Г. 
а on Zquilb rit rri Bad trons 2 


x Cy = Tu 


> Peu. 0-872 ره‎ 87 ۳2۷ Els 


oS ٭ ۵ 25 عد‎ à #25 ced? És سے‎ Ё! 


6); = v, 1273 X an (1) 


- 
оо 


# {Чу бы Jet 


. РЕН Pta as. Ë (d- ал) = Ay 0 ۵ 


5: 
0.95 ۴ 25۸ 4 ot 25 ) کډ‎ 0:50) = Ayo ٥ 


2, = 
210337. > ين‎ — [pp ہہ‎ ASA = дож? 


47 «- 22.27% Cm (a melo 3 ek) 
x Check (eff) | (sine My is near صا‎ Mma, | 
C = ۱. 25  /ل‎ = ө.22/2 < (OPE AOL 
* Os = 2.5875 A = ғо Com” 


x check F 


fs As / (Ld) = о.0/0 7 J, А < Hay o0 


an 


33 


۳ 7 г 3 3 
feu > 250 Km" /У- S600 Кет 
° Solution ° 


e бите a <lo cm 


) ж P ` eL: ~ 
е j 4. ١ , چم‎ Ce 
trom eg tui Di km [Londi tons ge 


va : j 
/ = Cu. Yeh 


= же је: a. Ale 206054 Cg FO (Z5 = GJ) 


2 Asso от ) Ses) 0 gry) 


Ч. 


(lo 410) +65100) 


~ 


4 
I 


klo? ф 2250 (a jo) (55 م‎ 3 


pe 77:7 Ж УУУ, £s 


d ш: е First zd „л M А (e JA 2 же ff LOM Cn a 


b اش‎ e^ — Jum. 


— ? ; ^ 
e É sume Q < jo m 
+” — hey > ^ ДА. / 2! L e = N 
o STON НОР Lon di LION? ç Kerer 4۵ AEJ 
/“ = 
-ij = iu | 


t сәу 95 ; 2 Ç » 2> F 
= 2. ۸ د‎ 7 #20 A е X EO ہیں‎ S $7 A NG OO x 


/ ^ 
22, ч, 


/ > de (жа (dn £ Of 


سو 


o Ettriple ۰6 


7 


„1? ۶ fex xti 


+ 
) سب‎ 7 4 £ ж [ a s 
of = 0) 15 MA 0 Cl Cc Тұ” 
; ll ہم‎ 
Lo а reverade 7-7۳ 
// 5% ~ 7 ^ [4 
` ; ) f ГА / П м \ 
.و‎ ml ГУ? 8 412 H Ж?” = К p 
My msex of [li X لاط‎ «Јута da mé 41 quem š 
= as L 
» Ju Lor minit 
سس سس سس سس‎ 2 ۹ 
2 / р 6 / |) | = F ` 
le Commen]; or he r&s Value ot fis Rat Сл Кел. 
۱ è ou op ^ TM. + 
¿ қ АР / 6.) t». ص و حر سر‎ 
4 و‎ SUG gest Juiluble T тбу for 7117/77 
dj 
۵ S. شم‎ 
7) т | / V и 
ое مرل‎ You, NEO ТЕ 5% d ff Rd 


^W 
77 f / - . | ۱ 
¿f Jeu peto #. ‚ Which, Value 


š Ter Re Rew sechi en 


Delermine Ae лоте M ul 


۸ Seko. 4 256 Ат. 
Lys 36 го Ле” 


. Solution. 


Салт 0.00% 


B= oa 21232 telal 0:59] و‎ 6۵-۰266 a 
٥6۹ 


. from Fuilibrium 
X би = يا‎ ۳ 0.45 Pou - м. B = 7 fy As 
ېه‎ 0.454250 а e [/о- ۰.28 | < o. P7 e 766 ¢ ور‎ [6 


4 а ے‎ 32.95а* = 21421.17 
(259 sé as م۸‎ 83 om 


£ МИ = (а Vel 
04 Pre e.& f £ ہک2‎ # д.81 (бо- e. Af 2..9?) (%%- 29) 
5 Ми: 1995 4 


„Ио: 
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Use the shear - friction concept to estimate 
the necessary area of the binding steel 
dowels ( Ag ) necessary for safety of 
‚ the construction joint shown in Figure ( 1 ) 
to resist an ultimate shear force 
Qu = 50 tons . The surface of 
the joint may be considered intentionally 
roughened. 
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QUESTION NO.(III ) (20 % of maximum grade) 


Figure (2) shows a short cantilever that is constructed at a later stage after column 
construction. The position of the construction joint is shown in the figure. The ultimate 
design loads shown are applied at the short cantilever . 


Design and give details of reinforcement for the short cantilever. 
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HW Assignment 
Deflection of RC Beams 


Problem Statement 

The figure below shows a 750x1250 mm transfer girder that constitutes a part of the structural system 
of an electromechanical floor covering an auditorium hall in a Cairo downtown 20-story hotel. The 
girder is supported by two 750x750 mm size columns. The girder supports a 300x800 mm mid-span 
planted column of a 3000 kN ultimate load. However, due to architectural requirements, the column is 
eccentrically planted as shown. 


Consider self-weight of the girder. 
Material properties: feu = 40 MPa f,— 400 MPa. 
Neat reinforcement detailing on engineering paper with appropriate proportions worth 25% credit. 
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Problem 1 (25 points) 

For the transfer girder of Problem Statement above, calculate the immediate and long term deflection 
assuming bottom reinforcement of 12 P20 and top mid-span reinforcement of 8016. Consider the beam 
cross section in deflection calculations as a T-Section assuming the appropriate tributary effective 
width. Check the calculated deflections against the deflection limits of the ECP 203-2007. Assume that 
40% of the planted columns load is due to dead weight, 20% 1s due to finishes and 40% is due to live 
loads. Consider self-weight of the girder in your calculations. 
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Problem 2 (25 points) 

Estimate the maximum immediate and long term deflections at mid-span for a simply supported one- 
way slab of 120 mm thickness. The slab span is 4 meters. The ultimate (factored) loads are: 

Dead load = 3 kN/m2, Live load = 3 kN/ mš, Finishes = 1 kN/ m?. The slab is reinforced with 6@12/m 
along the main direction. Check the calculated deflections against ECP 203-2007 code limits. 
Material properties: feu = 25 MPa, f,= 360 MPa, modular ratio is 10. 


Problem 3 (35 points) 

The shown cross section represents an inverted T simply supported girder spanning 8 meters in an 
existing bridge that is undergoing a major upgrade. The top reinforcement is 3 dia. 22 bars while the 
bottom reinforcement is 10 dia. 22. The ultimate dead load on the girder is 100 kN/m while the 
ultimate live load is 50 kN/m. Finishes can be assumed zero. 


It is required to check the deflection of the girder according to the ECP 203-2007. 
Material properties: /.„ = 30 MPa, /,- 400 MPa, modular ratio is 10. 
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HW Assignment 
Flexural Design of Beams 


Problem 1 (100 points) 
For the simple beam with cantilever B2 below, it is required to perform the following tasks: 


gx cn dm US پد‎ = 


Design the critical sections for flexure. 

Calculate moment of resistance of the designed sections. 

Calculate the development and anchorage lengths for your calculated reinforcement. 
Calculate the required curtailment stirrups. 

Calculate the required shear reinforcement of the beam. 

Using an appropriate scale, produce a professional beam reinforcement detailing drawing that 
includes the absolute BMD, moment of resistance diagram and beam elevation, detailing and 
sections. 


Problem 2 (100 points) 
For the continuous beam B3 in your assignment No.1, it is required to perform the following tasks: 


pop می‎ IS: خا‎ 


Design the critical sections for flexure. 

Calculate moment of resistance of the designed sections. 

Calculate the development lengths for your calculated reinforcement. 

Calculate the required shear reinforcement of the beam. 

Using an appropriate scale, produce a professional beam straight bars reinforcement detailing 
drawing that includes beam elevation, detailing and sections. 
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HW Problems: Ultimate Limit State Design Method 


Problem 1 (15 points) 
The shown rectangular RC beam cross section, whose width b=250 mm, is subjected to an ultimate 
bending moment of M.= 300 kN.m. It is required to design the section according to the ECP203: 


1. Using first principles 
2. Using design charts. 


۸۱۱ code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 


tb 


Problem 2 (20 points) 

A rectangular RC beam cross section, whose width b=250 mm and total depth &=1000 mm, is 
subjected to an ultimate bending moment of M,= 500 kN.m. It is required to design the section 
according to the ECP203: 


1. Using first principles 

2. Using design charts. 

3. Determine the maximum reinforcement that can be used in this section and the corresponding 
maximum moment using first principles. 

4. Recalculate the requirements in 3 above using design charts. 


۸۱۱ code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 
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Problem 3 (15 points) 
For the shown rectangular RC beam cross section, it is required to calculate the moment capacity of 
the section according to the ECP203: 


1. Using first principles 

2. Using design charts. 
۸۱۱ code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 
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Problem 4 (15 points) 

For the shown rectangular RC beam cross section, whose width b=250 mm and total depth &=800 
mm, and is subjected to an ultimate bending moment of М,= 600 kN.m. It is required to design the 
section according to the ECP203: 


1. Using first principles 

2. Using design charts. 
۸۱۱ code required checks must be performed. You need to check that steel strains you assume are 
valid. ја = 25 MPa [= 360 MPa. 


Problem 5 (15 points) 

For the shown rectangular RC beam cross section, whose width b=250 mm, the section is subjected to 
an ultimate bending moment of M,= 1250 kN.m. The section is to be designed as doubly reinforced 
section with compression steel whose area 1s 1096 of that of tension steel. It is required to design the 
section according to the ECP203: 


1. Using first principles 

2. Using design charts. 
۸۱۱ code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 


Problem 6 (20 points) 
For the shown RC beam cross section. It دز‎ required to calculate the moment capacity of the section 
according to the ECP203: 


1. Using first principles 

2. Using design charts. 

3. Determine the maximum reinforcement that can be used in this section and the corresponding 

maximum moment using first principles. 

4. Recalculate the requirements in 3 above using design charts. 
۸۱۱ code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 
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Problem 7 (15 points) 
For the shown RC beam cross section whose applied ultimate moment is 320 kN.m, it is required to 
design the section according to the ECP203: 


1. Using first principles 
2. Using design charts. 


۸۱۱ code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 
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Problem 8 (15 points) 
For the shown RC beam cross section whose applied ultimate moment is 300 kN.m, it is required to 
design the section according to the ECP203: 


1. Using first principles 
2. Using design charts. 


۸۱۱ code required checks must be performed. You need to check that steel strains you assume are 
valid. feu = 25 MPa |= 360 MPa. 
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HW Assignment 
Torsion on RC Beams 


Problem 1 

The figure below shows a 750x1250 mm transfer girder that constitutes a part of the structural system 
of an electromechanical floor covering an auditorium hall in a Cairo downtown 20-story hotel. The 
girder is supported by two 750x750 mm size columns. The girder supports a 300x800 mm mid-span 
planted column of a 3000 kN ultimate load. However, due to architectural requirements, the column is 
eccentrically planted as shown. It is required to provide a complete and detailed structural design of 
the girder, including flexural, shear and torsion design along with providing neat sketches for 
reinforcement details in elevation and cross sections. 


Consider self-weight of the girder. 
Material properties: feu = 40 MPa f,— 400 MPa. 
Neat reinforcement detailing on engineering paper with appropriate proportions worth 25% credit. 
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Problem 2 


The figure below shows a typical California bridge system that is composed of precast bridge deck 
girders ВІ that are simply supported on the transverse inverted T-Girder СІ and L-Girders G2. The Т- 
Girder СІ is also simply supported spanning 8 meters. The cross section of G1 is shown below. The 
deck girders B1 are closely spaced 1 meter apart; hence the effect of B1 deck girders on the inverted 
T-Girder Gl can be approximated as uniformly distributed load. The design ultimate bridge dead load 
intensity is 20 kN/m”, including the effect of self-weight of all elements. The design ultimate bridge 
live load intensity is 6 kN/m?. Considering the most critical bridge loading for torsion on T-Girder 
GI, you are required to carry out a full shear, flexural and torsional design of T-Girder СІ. 


Material properties: ىر‎ = 40 MPa, /,= 400 MPa. 
Hint: For simplification purposes, you can neglect the flange effect in section design. 


=== 
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Girder G1 Cross-Section 


Problem 3 
For the wide beam whose cross section is shown in the figure below, use the Egyptian Code of 
Concrete Structures to estimate the following: 

1. Minimum area of shear stirrups. Provide stirrup detailing. 

2. Allowable torsional moment that can be resisted by concrete and minimum area of stirrups. 

3. Maximum allowable torsional moment that can be resisted by the torsion reinforced section. 


Material properties: feu = 25 MPa f,— 360 MPa 
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Problem 4 


A simply supported inverted transfer girder اط‎ with a 30x90 cross section is supporting a cantilever 
slab of 2.5 meter span and 20 cm thickness. ВІ also supports a cantilever beam B2 that supports a 
planted column C2 of 30x40 cm dimensions and 300 kN Service Load as shown in the figure. It is 
required to design the transfer girder ВІ for flexure, shear and torsion according to the ECP203-2007. 
Flooring = 1.5 kN/m”. Service live load 4 kN/ m°. Re-dimension the beam ВІ if needed. 

Material properties: f, = 30 MPa, /,= 400 MPa. 


B2 (30x60) 
C1 (30x70) 
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